Abstract Actinomycosis is a rare heterogeneous anaerobic infection with misleading clinical presentations that delay diagnosis. A significant number of misdiagnosed cases have been reported in specific localizations, but studies including various forms of actinomycosis have rarely been published.
Introduction
Actinomycosis is a rare, chronic granulomatous disease, caused by Gram-positive filamentous organisms, mainly anaerobic or microaerophilic bacteria from the Actinomycetaceae family (genus Actinomyces). [1] Actinomyces spp. are pigment-producing rods that form branching filaments, commensal in human open cavities, mainly oropharynx, gastrointestinal tract, and female genital tract. The most frequent pathogen species encountered is Actinomyces israelii, [1, 2] but many different species have been described and are associated with pathogenic conditions specific to anatomical sites. [3] The infection occurs as a contiguous growth through anatomic barriers when mucosal tissue is damaged, leading to the formation of abscesses and fistula. Coinfection with other organisms is common, and may contribute to infection by inhibiting host defenses, as suggested in animal studies. [4, 5] The role of immunosuppression is unclear and it is important to note that most reported cases were described in immunocompetent individuals. The disease is characterized by a wide range of clinical presentations that include nonspecific symptoms; therefore, it is often misdiagnosed with other conditions such as tuberculosis, nocardiosis, or malignancies. [6] Distinct clinical features are reported according to the anatomical location, but misleading forms are frequent. Usual presentations include orocervicofacial abscesses in patients with poor oral hygiene and dentition, [2] thoracic infection after aspiration of oropharyngeal secretion or gastric content, [7] abdominal infection after surgery or gastrointestinal perforation, and pelvic infection in patient with intra uterine contraceptive devices (IUDs). [8] Actinomycosis is readily treatable and the bacteria are susceptible to most of the b-lactam agents. [9] Editor: Shih-Min Wang.
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In the literature, most reported cases of actinomycosis are not suspected at the clinical onset of the symptoms. Failure to diagnose the disease in a timely and reliable way seems to increase mortality and unnecessary costly diagnostic investigations. Most studies present cases of a distinct clinical form, whereas broader studies including diverse and multiorgan forms of actinomycosis have sparsely been published. The aim of this study is to highlight the miscellaneous clinical forms to diagnose and treat actinomycosis earlier. In this retrospective multicenter study, we report a series of 28 patients with various clinical presentations.
Methods
The study involved 6 participating centers in France, mainly teaching hospitals (Aurillac, Bordeaux, Marseille, Metz, Poitiers, and La Reunion). Adult patients with actinomycosis admitted to internal medicine departments were identified retrospectively through French hospital discharge databases of participating centers from January 2000 to January 2014.
Inclusion criteria were a microbiological or histological confirmation from tissue biopsies, and pus or blood sample specimens. Microbiological confirmation was defined as the conjunction of several factors: presence of nonspore-forming Gram-positive rods on direct examination, slow growing organisms in anaerobic culture conditions (chocolate blood agar media at 35-37°C), and specific biochemical profiling with commercial kit (API A 20, bioMérieux, SA, France). Histological confirmation was defined as the presence of Gram-positive filamentous organism nonpositive on acid-fast staining concomitant with sulphur granules, which are of significant diagnostic relevance. [3] Exclusion criteria were: age under 18, diagnosis of actinomycosis documented before admission to internal medicine ward, cases including positive microbiological identification of Actinomyces spp. from superficial site without clinical or radiological hallmarks of infection, and medical records without sufficient data. For each case, we reviewed demographic characteristics, underlying diseases, clinical and radiological manifestations, microbiological results, histological assessment, and treatment and outcome data. Two cases have already been reported in literature. [10, 11] Owing to the restricted number of individuals included in the study, the quantitative variables were described as medians and interquartile ranges. Categorical data were described as numbers and percentages. Comparisons of quantitative variables were performed with nonparametrical Mann-Whitney U test. A P value under 0.05 was considered to indicate statistical significance.
This study was conducted in compliance with good clinical practices and the Declaration of Helsinki principles. All collected data were anonymized in standardized forms. In accordance with French law, formal approval from an ethics committee, and also written informed consent, is not required for this type of study.
Definitions
We used the following definitions: 3. Sepsis: Sepsis and septic shock were defined as proposed by ACCP/SCCM Consensus Conference Committee. [12] 
Results
Twenty-eight patients were included in our study. The median age at presentation was 52 years (interquartile range [IQR] 45-58), and 50% were female. Patients' characteristics are summarized in Table 1 . A local risk factor was found in 20 patients (71%), mainly local tissue injury including dental procedure or poor dentition, radiotherapy, IUDs, surgery, or trauma. Common risk factors were present in 20 patients, including diabetes mellitus in 4 patients (14%), immunosuppressive agent intake in 4 patients (14%), malignancies in 6 patients (22%) previously treated by chemotherapy (3 patients) and radiotherapy (1 patient), and 1 patient with alcoholism. None of the patients were HIV-positive. Concerning general symptoms, fever was observed in 16 patients (57%), whereas weight loss and anorexia were present in 12 (43%) and 14 (50%) patients, respectively. C-reactive protein elevation and leukocytosis were observed in 19 patients (67%) and 10 patients (30%), respectively. Median diagnosis time frame from first symptoms was 30 days (IQR 20-157).
With respect to anatomical location of infection, abdominopelvic location was the most frequent with 9 patients (32%). An IUD was present in 7 patients, among whom 3 patients had the IUD for more than 10 years. Presenting complaints were abdominal pain (90%), fever (60%), weight loss (60%), and, to a lesser extent, lower urinary tract symptoms. Seven patients suffered from abdominal abscesses (including patient 1; Fig. 1 Patient 28 presented with a 3 cm temporal lobe abscess with peripheral edema and herniation signs (Fig. 2) . Stereotaxic surgery was performed to assess diagnosis, and the patient was treated for a total duration of 120 days. Ventriculoperitoneal shunt was used to treat postinfection hydrocephalus.
In most cases (92 %), the diagnosis of actinomycosis was not suspected on admission. The most frequent initial diagnosis suspected were malignancies and widespread infections such as tuberculosis (Table 1) . Imaging was performed in 82% of patients, including computed tomography (CT)-scan (19/28 [67%]), magnetic resonance imaging (MRI) (6/28 [21%]), ultrasound (14%), and positron emission tomography (PET) scan (n = 1). Findings were those of nonspecific abscesses with accurate anatomical location.
Diagnosis was obtained from either microbiology (50%, n = 14) or histopathology (42%, n = 12), or both methods (7%, n = 2). Positive specimens were surgical biopsy (71%), blood culture (18%), bronchoalveolar lavage, urine culture, IUD culture, or vaginal sample. The incubation period needed to recover the bacteria ranged from 3 days to 3 weeks. Actinomycosis genus identification and species were obtained in 16 patients (57%) and 9 patients (32%), respectively ( Table 2 ). Coinfection was found in 13 patients (46%), among which 3 patients were diagnosed from histology criteria only. Antibiotic susceptibility was evaluated in 13 patients (among 16): almost all strains were susceptible to amoxicillin, rifampicin, clindamycin, and cotrimoxazole.
Median follow-up time was 12 months (5.25-18), with 6 patients lost to follow-up. All patients were treated with antibiotics, mainly beta-lactams and especially amoxicillin, which was used in two-thirds of patients ( Table 1 ). The median duration of treatment was 120 days (60-180): 90 days (77-135) in abdominopelvic forms, 180 days (90-180) in orocervicofacial forms, and 150 days (90-180) in cardiothoracic forms. Comparing the duration of treatment between 2 groups of patients, diagnosed before and after 2009, respectively (n = 13 each), showed no difference. Among the 4 patients who were treated for less than 30 days, 1 patient died, 2 were lost to followup, and 1 had positive outcome. Eight patients (28%) underwent surgery. Surgery did not significantly change antibiotic treatment duration in comparison with patients not undergoing surgery (P = 0.43). The outcome was favorable in 19/28 (67%) and poor in 3 (10.7%) patients. In regards to poor outcome, 1 recurrence occurred, leading to hysterectomy. It was the only case where medical treatment failure led to surgery as a rescue therapy. Two patients died from pathologic conditions that were not related to actinomycosis: carcinomatoses (patient 4) and chronic myelomonocytic leukemia (patient 24).
Discussion
In our study, we have described 28 cases of miscellaneous forms of actinomycosis, a rare life-threatening infectious disease with nonspecific features whose prognosis is excellent if treated early. Thus, this infection represents a great diagnostic challenge.
Actinomycosis is certainly under-reported as a consequence of diagnostic errors, difficulties in confirming the disease, and the empirical utilization of antibiotics. Data regarding incidence estimates are lacking from developing countries. The incidence in Cleveland, USA, was reported to be 1 per 300,000 in 1970s, whereas the Department of Health in the United Kingdom . [1] Largest series focused on single anatomical forms, [2, [13] [14] [15] [16] [17] whereas some case reports of unusual presentations have been published. [18, 19] To date, there is only 1 published study composed of multiple forms, limited to immunocompromised patients. [20] Most of our patients were immunocompetent. The design of our study does not enable us to calculate the incidence of the disease, but the results indicate its rarity with less than 30 cases identified in 6 different hospital centers over 14 years.
The onset of the disease is usually chronic with indolent course, but may be acute as described in patient 23, which is, to date, the first described actinomycosis-related septic shock complicated with cardiac arrest. Slow-growing abscesses were present in most cases, resulting in mass-like features, but the presence of fever was variable, which was only 57% in our study. Actinomycosis was not considered in the differential diagnosis of most patients on admission and the median duration from first symptoms to diagnosis was 1 month. The clinical picture was misinterpreted as malignancies or other infectious diseases, such as tuberculosis, pyogenic abscesses, and nocardiosis. For the latter, Actinomyces is indistinguishable from Nocardia on Gram stain. However, Nocardia is rather encountered in immunosuppressed people, grows aerobically, and is acid-fast. [21] Our study highlights the miscellaneous clinical patterns of actinomycosis, and the essential differential diagnoses are discussed below according to main anatomical forms.
Presence of Actinomyces in culture of bronchopulmonary secretions can be misleading because coexistence of actinomycosis with tuberculosis or neoplasm is possible, leading to a more challenging diagnosis and treatment of thoracic actinomycosis. [22] In our study, 1 patient presented history of tuberculosis that misled diagnosis of actinomycosis, whereas intracellular organism pneumonia was initially diagnosed in another patient. In a series of 94 patients with pulmonary actinomycosis confirmed pathologically, only 6 patients (6.4%) were initially diagnosed as having pulmonary actinomycosis on the basis of clinical and radiological findings. [13] In another study, diagnosis was reported to be suspected on admission in only 7% to 18% of patients with thoracic involvement who later turned out to have pulmonary actinomycosis infection. [15] It has been estimated that fewer than 10% of patients are diagnosed preoperatively in abdominal forms, because of a similar presentation to other common conditions such as malignancies, tuberculosis, or Crohn disease. [8, 23] In our study, no patient was diagnosed preoperatively. In abdominal forms, the lack of improvement with conventional therapy for a presumptive diagnosis of Crohn disease frequently leads to surgery, correcting the diagnosis. Cases of actinomycosis mimicking digestive neoplasm have been reported, [24] and also PET scan use in cases mimicking unresponsive or relapsing cancer, later diagnosed from surgical biopsy as actinomycosis. [25] In our study, failure to isolate the organism was 42%, which is consistent with other series. [1, 20] Twenty patients (71%) were diagnosed from surgical biopsy. As shown in our study, clinical symptoms and imaging lack of specificity to definite the disease, thus biopsy should be performed in cases when actinomycosis is considered as differential diagnosis. Some species have been associated to peculiar body sites, such as Actinomyces meyeri and central nervous system (patient 28), and Actinomyces europaeus and soft tissue (patient 26). Little is known regarding the virulent determinants involved in such associations. [3] The mouth is an important source of Actinomyces bacteriemia. [3] However, patients 23 and 25 had no recent history of dental procedures or periodontitis and the point of entry was not found. The presumed point of entry was the sinus for patient 24, since he had sinus aspergillosis removed 3 months earlier.
The proportion (46%) and composition of concomitant microbial flora were consistent with the literature. Since isolation of Actinomyces species from polymicrobial infections is frequent, they must be assumed to contribute to the pathogenic processes. [3] Concomitant organisms are considered to synergistically enhance the infectious process. [4] Treatment recommendations are based on small case series and in vivo studies, as no randomized controlled studies have evaluated antibiotic regimens. Two-thirds of patients were Table 2 Microbiological identification and coinfection in 28 cases of actinomycosis.
Species
Number of cases with species isolated (% of 28 cases)
Concomitant microbial flora (species) treated with amoxicillin. There is no consensus over the utilization of a lactamase inhibitor, which offers additional cover against potential coisolates. Principle of long-term antibiotic therapy has been traditionally recommended based on clinical experiences and has been justified by relapses occurring in this disease. [15] The duration of antibiotic therapy was extremely variable in our study, ranging from 3 weeks to 4 years. Trend towards a shorter course of antibiotics, as described in recent years, was not observed in our study. [1, 26] This indicates that long-term treatment still prevails in clinical practice, although it may not be needed. Thus, the length of treatment is controversial and further studies are needed.
Owing to the misleading nature of this disease, many patients received empiric therapy, which may contribute to underdiagnose actinomycosis cases via bacterial decapitation for cultures. However, most of the empirically treated patients with actinomycosis may present a good outcome because of the usual susceptibility of Actinomyces to many antibiotics used as first choice in those empirical settings. Moreover, whereas prognosis is excellent in early-treated patients-mortality range from 0% to 28% depending on site of infection-delay in time to diagnose the disease may lead to increased mortality. [27] This study has several limitations. Owing to the retrospective design, cases of actinomycosis could be missing as those diagnosed after discharge. Five patients were lost to follow-up; however, the other patients were followed for 1 year in average, which can be considered as satisfactory in the setting of an infectious disease. We cannot ascertain the significance of some specimens obtained from nonsterile site. However, considering Actinomyces spp. was the only organism recovered from several specimens in this situation, we assumed that they should be involved in the pathogenesis. Considering the rarity of the disease, studies with larger scale should be performed to include more patients. Forty-two per cent of our patients were diagnosed from histological criteria, but are those criteria specific enough to ascertain actinomycosis? More precise bacterial identification methods are increasingly used, including 16SrRNA gene sequence analysis or matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry. [28] [29] [30] These methods were not performed in our study, although they should be encouraged to accurate the diagnosis and taxonomy of Actinomyces. Among microbiologically positive cases, 25% were identified at the genus but not species level: altogether 75% of our patients were unidentified Actinomyces species. Noteworthy, novel species have been recognized in recent years from these methods, highlighting a high number of currently unnamed species-level Actinomyces taxa. [3] 
Conclusions
Actinomycosis is an insidious disease wearing many masks. We described 28 cases of miscellaneous clinical pictures. Although misleading forms are not unusual, abdominopelvic, orocervicofacial, and thoracic cases were predominant in our multicenter study and still stand as the classic forms. Therefore, clinicians should be aware of those 3 groups to avoid long diagnostic delay and rely on typical clinical clues: IUDs and pelvic forms, surgery and abdominal forms, poor oral hygiene and orocervicofacial forms, tuberculosis or pseudotumoral forms, and pulmonary forms. Other forms are more anecdotal, and the scarcity of the infection justifies that other differential diagnoses will be first mentioned. Only then should biopsy procedure be performed while raising histologist's and microbiologist's awareness of possible actinomycosis to enhance the chance of correct diagnosis. Earlier diagnosis should then be obtained, preventing complicated forms and improving the outcome of actinomycosis while decreasing costly unnecessary investigations.
